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Method for Analyzing the Interference and Coverage Situation in UMTS Subnetworks 

The invention relates to a method for analyzing the interference and coverage situation in UMTS 
(Universal Mobile Telecommunication System) subnetworks. 

UMTS networks are based on ATM (Asynchronous Transfer Mode) and IP (Internet Protocol) and 
permit the transmission of circuit and packet oriented services. This is made possible by a new air 
interface for mobile radio communication, which can transmit different formats efficiently. In 
Europe and Japan, the air interface is based on the WCDMA (Wideband Code Division Multiple 
Access) radio technology. This permits the migration of a GSM infrastructure into an UMTS 
network. With WCDMA, Europe, as the worldwide most important mobile radio communication 
market, is receiving a unified UMTS standard. This also permits mobile broadband communication 
with Japan. The PDC (Personal Digital Cellular) standard used there can easily be integrated into 



WCDMA. In America, on the other hand, only a few GSM networks exist. The majority of networks 
are based on cdmaOne or IS95. These networks are migrating in the third mobile radio 
communication generation to CDMA 2000 (Code Division Multiple Access) and are compatible 
with WCDMA. The WCDMA modulation method is no longer based on time slots (Time Division) 
and the frequency is used "wide" (wideband). At 5 MHz, the transmission frequencies are 25 times 
wider than with GSM at only 200 kHz. These propagation properties affect both the cell capacity, 
and accordingly the network plaiming, as well as the reception quality. During times of low demand 
by one user, another user can use the channels. A user can also call on multiple data flows, e.g., talk 
on the telephone, fax, call up e-mails, download a file firom the network and surf, at the same time. 
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From experience with IS95 CDMA networks and initied studies in WCDMA networks, it appears 
very important that an optimization of the radio signal coverage be performed under incorporation of 
measurement data. For this purpose the UMTS network is first measured and the existing 
interference and coverage situation is determined. The method described below is used to determine 
both, with only data fi-om pilot channel measurements serving as the basis. 
Interference matrices form the basis for the interference analysis. As a result of the pilot channel 
measurements, the received pilot channel power of multiple base stations is obtained for each 
measuring point. This opens up the possibility of preparing a measurement-data based interference 
matrix. In the process, the serving base station, as well as the interfering base stations are identified 
within a locally defined area (=pixel). If this is done across the entire measured area, a statement is 
obtained for all base stations in this area as to how much they interfere with other cells. This 
document describes how the interference matrix is prepared, and two different contents of the 
interference matrix are introduced. 

The invention has as its object to present a method for analyzing the interference situation and 
coverage situation in UMTS subnetworks, on the basis of which areas can be determined that are not 
covered, and the reason for their lack of coverage. It is also a goal to be able to determine which 
service is available at what location. 

This object is met according to the invention with the teaching of the independent claims. 

Advantageous designs and improvements of the invention are specified in the dependent claims. 
The invention permits an examination of the interference and coverage situation for the most varied 
types of services while taking into consideration the traffic load, and the deduction of the 
measurement data back to the base without traffic load. 
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For the analysis of the network it is of great interest, which service is available at what location. The 
invention makes it possible to make statements regarding the availability of services based on the 
pilot channel measurement data with the network load generated by active users being taken into 
account. In this manner areas can be detected that are not receiving coverage, and the reason for the 
lack of coverage is presented. If both findings are combined, the methods described below permit 
necessary and comprehensive analyses of UMTS networks to be performed on the basis of simple 
pilot channel measurements. This can serve as a basis for further optimization measures. 

One example embodiment of the invention will be explained based on the drawings. From the 
drawings and the following description, additional characteristics, advantages and applications of 
the invention will become apparent. 

Figure 1 is a graphic representation of the possible adjustments of the fi-amework conditions for the 
interference analysis; 

Figure 2 shows an example of an interference matrix for a series of base stations; 

Figure 3 is an interference matrix (simi) of the interferers in a graphic representation; 

Figure 4 is a matrix that states the probability [in %] of the interference relative to the area coverage; 

Figures 5 shows an example for a visualization of the coverage statement arrived at according to the 
method; 

Figure 6 shows an example of a visualization of the reason for the areas not covered in Figure 5. 



3 



wo 2004/091103 PCT/DE2004/000715 
Input Data 

The basis for the described methods are measurement data that are determined by so-called 
WCDMA scanners. These measuring instruments detect in the downlink the so-called common 
control channels (common control channels for establishing contact with the mobile stations), which 
are transmitted continuously regardless of traffic. They are the primary common pilot channel, 
referred to below as pilot channel, the primary synchronization channel, as well as the secondary 
synchronization channel. Of importance here is only the pilot channel. The measurement data that 
are relevant below are the received pilot channel power (=^c)> the total background noise power 
(=/o) present in the given frequency band of 5 MHz, as well as the ratio of EJIo^ which thus defines 
the measured power of the pilot channel in relation to the total (interference) signal power. The 
allocation of the measured values to a base station takes place via the scrambling code (SC), which 
is also detected and shown by the measiuing instrument. All of these data can be acquired per 
measuring point for midtiple, e.g., for eight base stations, simultaneously. 

In order to attain greater statistical reliability, the described methods are not based on the original 
data, but the original data are instead averaged within constant path intervals. Because of the 
scanning rate and statistical properties of the radio channel, the path interval should be at least 20 m. 
The prerequisite for both methods is that the measurement data are present within a defined area 
preferably with complete area coverage. During the analysis of the interference matrix, in particular, 
misinterpretations can occur if the potential coverage areas of individual cells have not been 
measured comprehensively. 

Interference Analysis 

In the case of the interference analysis, the so-called noise power density E/No^ i.e., the energy per 
information bit in relation to the spectral noise power density at the input of the receiver, and the 
pilot pollution play a role. If a mobile station is located in a location where pilot signals can be 
received by multiple base stations with comparable power, a so-called pilot pollution results, i.e., an 
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interference of the pilot signals with each other. While it is true that the analysis of the EJNo and 
pilot pollution is a quality measure for WCDMA networks, they do not lead in a targeted manner to 
the required measures for optimizing unacceptable locations/areas. In order to optimize the radio 
coverage, e.g., regarding the pilot pollution and E/No^ the change in the slope of the antenna, i.e., 
reduction in antenna height, as well as the modification of the CPICH power (power of the common 
pilot channel) present themselves in an existing network. This requires an interference analysis as a 
basis. It can be performed with the aid of an interference matrix. 

In order to prepare an interference matrix for each pixel (tiling), e.g., in a 10 dB window below the 
station measured as the Best Server registered as an interferer.* This method is shown schematically 
in Figure 1 . In order for stations that are required for the so-called Soft Handover (SHO) not to be 
rated as interferer, they must be removed from the analysis by means of an additional window. For 
this, the permitted nxmiber of stations in the active set and one additional window, e.g., a 3 dB 
window (add window for Handover HO) must be defined. In the example according to Figure 1 , the 
base station with the scrambling code SCI represents the Best Server. The stations with the 
scrambling codes SC2 and SC3 are only insignificantly weaker and lie within a window of 3 dB 
below the power of the Best Server. The three stations SCI, SC2 and SC3 are therefore used for the 
Soft Handover. The remaining stations SC4 - SC6 are in a window of e.g., 10 dB below the Best 
Server regarding their power and are rated as interferers. 

Depending on the implementation of the method, the window of the interferer is referenced to the 
Best Server or Best Server (negative values) + add window. 

The interferers are determined according to the above pattern per area element (pixel). This data is 
summarized into a matrix. In this matrix the interference relationship of each station with other 
stations is listed with the number of occurrences. 

* Translator's note: This translation is based on an incomplete sentence in the German-language document. 
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In the matrix according to Figure 2, it is apparent in detail in the individual analysis, in which cells 
and with which number of occurrences a cell (base station) appears as an interferer. The column of 
the base station SC 88 has been marked to stand out. One can see that the station SC88 interferes 
with station SC48 with a number of occurrences of 125, i.e., SC48 is interfered with by SC88 in 125 
measurements. 

If the sum of individual interferences is now formed at each station, an overview is obtained that 
shows with which number of occurrences the individual stations appear as interferers in the 
measured area. A representation of this type according to Figure 3 creates a first overview as to 
which station(s) carry with themselves a high potential of interferences. From Figure 3 it is apparent 
that the station with the SC 88 represents the biggest interferer in the analyzed subnetwork. 

Conversely, the interference matrix may be used to see with which number'of occurrences and by 
which cells, a celPs interference is caused. This has been marked to stand out in Figure 2 in the cell 
for base station SC48 and can be depicted equivalent to Figure 3. It is apparent that for cell SC48, 
the cells SC88 and SC224 represent the most firequent interferers. 

Figure 4 describes a probability of the interference as related to an area. In order to obtain a 
probability of the interference as related to an area of the Best Server, one first needs to determine 
how often a cell occurs as Best Server in the measured area, i.e., during how many measuring 
processes this cell is recorded as Best Server. The pixels (area elements) that are interfered with are 
placed in the ratio to the ones that are not interfered with and can be expressed as a percentage. The 
values obtained in this manner are weighed across the area. 

Example: Cell SC48 is identified as the Best Server in 10,000 measurements (=10,000 area 
elements). The cell SC88, in the process, appears as an interferer 1903 times. The probability of the 
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interference as related to the measured area therefore is 19.03%, as is apparent from Figure 4. 
This preparation of the data provides the additional information, to which degree one cell is being 
interfered with by the other. In other respects Figure 4 should be read exactly like Figure 2. 

Both interference matrices together provide the viewer with a very precise picture of the interference 
relationships and, resulting from this, the required measures. 

Findings 

The preparation of the interference relationships in a WCDMA network provides the opportunity to 
reduce the interference potential from certain stations, such as SC88, based on the measurement 
data, by changing the antenna slope or the CPICH power. Together with the other representations, 
such as Best Server (Ec), Ec/No, pilot pollution, and knowledge of the area, the stations can thus be 
selected for optimization in a targeted manner. Subsequent verification measurements will then 
reveal an improvement of the Eg/No and pilot pollution. 

Since the minimization of interferences represents an important factor in WCDMA networks for the 
capacity and quality, an analysis of this type must be categorized as very important. 

Coverage Statement based on Scaimer Measurement Data 

In accordance with the invention, a prognosis for the coverage situation can now be made in 
dependence upon the traffic load. 

The below-described method has as its b£isis measxirement values from pilot channel measurements 
that are initially performed in an UMTS network without active users, i.e., without trafGc load. 
Under specification of the network load in the uplink and downlink, a coverage statement is made 
based on these measured values for the uplink and downlink. In order to attain a higher degree of 
statistical reliability, the measured values may be averaged within certain path intervals and the 
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coverage statement may be made based on these mean values. 

We will begin with a few remarks regarding notation. Ec commonly denotes the chip energy of the 
pilot channel and represents the background noise power density. Even though the following is 
based exclusively on power levels, the customary notation shall be maintained, i.e., Ec corresponds 
to the received signal power of the primary common pilot channel (pCPICH). Additionally, transniit 
powers are denoted vsdth S and received signal powers with P. 

Coverage Statement for the Uplink 

Based on the measured received level Ec of the pilot signal, the received level Put in the uplink may 
be calculated using 

PUL = Ec SMSmax' SpCPJCH (1) 

with 

S MS max maximum transmit power of the mobile station 

SpCPiCH pilot channel transmit power of the base station 

When determining Put according to (1), one needs to take into consideration that the measured 
received signal power of the pilot channel cannot be determined directly but only after the 
correlation reception. This means that the orthogonality factor enters into Ec. Since the pilot signal is 
detected with only one RAKE finger of the receiver's, the orthoganility factor must be used for one 
RAKE finger. The true received signal power is therefore obtained from the received signal power 
Eamess detected by the measuring instrument by using 

Ec = E^mess/ CEl (2) 

wherein a\ corresponds to the orthogonality factor for one RAKE finger. The Ec that has been 
determined in this manner must be used in the equations presented here. 
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A service is available in the uplink when the received signal povver Put exceeds a service-specific 
required minimum received level Perf,VL' Perfm (in dBm) can be calculated based on the desired 
Eb/No value that must be present in sufficient quality to guarantee a data transfer, as follows 

Pe^.UL = \0'\Og(kTo)'^Nf,BsHEl/No)son + \0\Og{R)+Lpen+Nr-GTMA-^30 (3) 

with 

k Boltzmann's constant (=1.381 0"^^ Ws/Kelvin) 

To ambient temperature (in degrees Kelvin) 

Nf^BS noise factor of the base station (dB) 

(Ei/Nc)soU desired value (dB) for Ei/No that must exist for a service to be available 

R effective data rate (service-specific) (kb/s) 

Lpen penetration attenuation (dB) 

Nr noise rise due to traffic (dB) 

Gtma gain due to a preamplifier in the vicinity of the antenna (TMA) 

Both {Eb/J^^soii as well as the effective data rate R may be different for each service, which is why 
Perf,uL must bc Calculated separately for each service being evaluated. The rise in noise level is 
caused by the background noise power of the active users and must be applied in accordance with 
the traffic scenario. In this context J\^= 3 dB correspond to a load of 50%. This value was 
determined through calculation. 

With (3) a service is considered available in the uplink if the following is true 

PuL>Perf,UL (4) 



Pyi according to (1) is based on measured downlink values so that the impact of the antenna 
diagrams and signal supply losses (e.g., cable losses) in Pyi are implicitly contained in Put and do 
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not need to be taken into account separately for the calculation of PerivL- 
Coverage Statement for the Dovynlink 

In order for a service to be available in the downlink, two conditions must be met. 

- The reception level lies above the required minimum reception level 

- The existing value for Ei/No is greater than the corresponding target value. 

Even though the first condition can be directly derived from the second one, it shall nonetheless be 
reviewed separately here. 

Determination of the Reception Level necessary for a Service 
First we will examine the first condition. 

In the downlink, the received signal power of a traffic channel Ptch can be calculated based on the 
measured reception level ^^of the pilot signal, using 

Ptch = -Ec + SrcHmax - SpCPTCH (5) 



with 



SrcH 



max 



maximum transmit power of a trafBc channel being allocated to a single user. 



SpCPICH 



pilot channel transmit power of the base station. 



The minimum reception level PeriDi i}^ dBm) is calculated with 



Perf,DL = \OAo%{kTo)-^Nf,MS+{Eb/No)soU + 101og(/J)+Zpen+30 . 



(6) 



Mf^MS represents the noise factor of the mobile station. The other parameters are analogous to (3). In 
principle, the rise in noise caused by the background noise power of active users should also be 
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taken into consideration for the downlink, analogous to the uplink. However, this aspect is taken 
into account in the downlink primarily by estimating the Ei/Nq value (as described below) and 
therefore ignored in the calculation of Pg;;/£)£. 

Determination of Own-Ceil Received Signal Power and Other-Cell Received Signal Power 
The above stated second condition - the existing value for Ei/No is greater than the corresponding 
target value - requires that one can make a statement regarding the current value of Ei/No^ The basis 
for this is provided by the measured values Ec and Below, it will be described how, based on 
these measured values, a value of Ei/No can be determined using certain specified assumptions. 
In order to calculate the Ei/No value in the downlink, it is necessary to determine the received signal 
power from the own cell (/e/g) and the received signal powers from all other cells (Jfr), The "own 
cell" corresponds to the base station that effects, within one path interval, the highest mean pilot 
channel reception level (= Best Server). 

First, leig is determined. If one assimies that the pilot channel measurements take place in a network 
wdthout traffic load, the received signal power Iq results from the continuously transmitting 
downlink common control channels. 

The received signal power Pcch of these control channels is obtained via 



PCCH = + 0. 1 PpSCH + 0. 1 'P,SCH + 0^'PbCH 



(7) 



with 



Pcch 



received signal power ofall continuously transmitting downlink common 



control channels 



received signal power of the pilot channel 
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PpSCH received signal power of the primary synchronization channel (pSCH) 
PssCH received signed power of the secondary synchronization channel (pSCH) 
Pbch received signal power of the broadcast channel (BCH) 

Since pSCH and sSCH are transmitted alternating with the BCH, their transmit power is weighted in 
(7) with a factor corresponding to their respective portion of the transmission time. 
The transmit power of the other downlink common control channels is stated relative to that of the 
pilot channel. This means that (7) can be expressed as 

PccH = Ec -(1+0. 1 'ApscH + 0. 1 * AsscH 0,9'Abch) (8) 

wherein A corresponds to the ratio of the corresponding transmit powers to that of the pilot channel. 
Simplified, the following is therefore true 

PccH ^ Ec {I^Acch) (9) 

If one assumes that the background noise po>yer lo is not generated by active users but exclusively 
by the downlink common control chaimels, one ultimately obtains 

leig^PcCH = £c (1 ^AcCh) (10) 

With /ei^ according to (10), Ifr is now determined. The following is true for the ratio Ec/Io 

This does not include the background noise which, however, is recorded in the measurement. The 
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thermal noise power must therefore be subtracted from the measured lo irlo^mess) 

lo-Umess-k'TW, (12) 

The following therefore follows with (10) from (1 1) for the ratio hi^Ifr 



I el, ^ EJI, 

hr l/(l + A^J-£,//o 



(13) 



and Ifr is determined using 

Ifr = Io-Ec(l^Accn)^ (14) 

Calculation of Ef/Nn 

From the measured values of Ef/Io without traffic, the value for Ei/No will be determined based on 
certain assumptions for the degree of utilization of a base station in the downlink. The prerequisite 
for this is the separation of the total received signal power lo into letg and Ifr according to (10) and 
(14). 

Generally Ei/No is calculated in the downlink using 

wherein the apostrophe marks the variables under inclusion of the backgroimd noise powers from 
traffic chaimels. The following also applies 

PjcH Received signal power (downlink) of the traffic chaimel for a user of a certain 
service. 



* Translator* s note: Illegible subscript in the German-language document 
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W Chip rate 

a Orthogonality factor. However, in this case, the one for more than one RAKE 

finger needs to be given, e.g., for 4 RAKE fingers. 

For the subsequent analyses the following assumptions apply. 

The transmit power of the pilot channel SpCPicH is given relative to the total transmit power Srs of 
the base station. 

SpcPiCH = ^pCpicitSbs • (16) 

Accordingly the following applies for the transmit power of all downlink common control chmmels 
analogous to equation (9) 

SccH = ^pCpichX} + ^cch) 'Sbs (17) 

The traffic load of the base station in the downlink is defined via the utilized power of all traffic 
channels, which is also provided relative to the total transmit power Sbs of the base station. The 
transmit power SajvH, which is used for all traffic channels of one cell, is accordingly obtained from 

SaTCH = AaTCH'SBS- (18) 

The value for AajvH is specified according to the desired traffic scenario. It determines the network 
load in the downlink. 

The maximum transmit power SrcHmax that is available to an individual user is also given relative to 
the total transmit power Sbs of the base station 
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STCHmax = AuTChSbS. (19) 

Based on these assumptions the terms contained in (IS) can be detemiined from the measured pilot 
channel data. 

For the other-cell background noise power under incorporation of the additional interiFerence. 
PaTcnhy the traffic channels the following applies 

^ _ ^CCH + ^aTCH = J _|. ^aTCH (20) 

^fr ^CCH ^pCPICH ' 0 ^CCH ) 

After calculation of Ifr by means of (14), Ffi is thus determined directly. 

For the background noise power Tetg of the own cell under inclusion of the additional interference 
laTCH by all traffic channels of the own cell the following applies 

I'eig - leig + laTCH (21) 

with 

T ^ p ^aVCH 

^oTCH-.^c' (22) 
^pCPICH ^ ^ 

one obtains 



eig 



^pCPICH J 



(23) 



Analogous to the above, the following applies for the maximum traffic channel received signal 
power that is available to a user of a service 
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P. 



TCH max 




pCPlCH 



uVCH 



(24) 



By substituting (20), (23) and (24) in (15), one obtains the downlink Eb/No value based on pilot 
channel measurements. 

The preconditions shall be summarized again as follows. 

■ The received signal power lo does not contain any backgroimd noise power from traffic channels 
of active users. 

■ For the traffic channel transmit power of a user, the maximally permitted transmit power is 
assumed by default. 

■ The degree of utilization of the cells in the downlink is specified xmiformly for all cells. 

Figures 5 and 6 show examples for visualizations for estimating the coverage. The two figures 
reflect the results of the above-described method. Assumed in this context is a load of 50% in the 
uplink and 80% in the downlink. Shown is the coverage for indoors, for which an additional 
building attenuation of 1 5 dB is assimied. 

Coverage Statement based on Measurements in LTMTS Networks with Traffic Load 
An essential precondition for the above described method for estimating the coverage situation is 
that the measurement takes place in a network without active subscribers (i.e., without traffic load). 
This is no longer the case during subsequent measurements that are performed in networks in 
operation. The utilization and analysis of measurement data from a WCDMA scanner would thus be 
called into question or at least reduced in its application. The following now describes a method 
whereby the measurement data from a network under traffic load can be utilized fiirther for the 
previously described interference analysis and coverage statements based on scanner measurement 
data. 
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The above-described method for coverage statements based on scanner measurement data may be 
applied for this purpose in a modified form. For this purpose, one assiunes that lo results without 
traffic fix)m the received signal power of the continuously transmitting downlink common control 
channels. With this assumption, hig and Ijr without traffic can be calculated using the simi of the 
received pilot channel signal powers of all base stations received at a measuring point. The 
following therefore applies for Ifr 

hr = 0 + ^CCH ) Z ^c.* (25) 
t = 2 

and for Uig 

U ^^^^ 

It is assumed in this context that, per measuring point, the received pilot channel signal power of N 
base stations can be detected and k=] corresponds to the Best Server. This approach contains a 
fimdamental problem in that mean values are analyzed within a path interval. The determination of 
Jjr and leig with (25) and (26), respectively, must take place with values that are not averaged since 
the received base stations and their field strengths can change fi-om measuring point to measvuing 
point and can therefore not be regarded as constant within a path interval. From this aspect it appears 
questionable whether the determination of leig and Ifr according to (25) and (26) is meaningful. It 
remains to be examined whether one should instead determine lo analogous to (25) but inclusive of 
the Best Server for each measuring point, and then based on that an average value within the path 
interval. After that, the calculations starting with equation (7) can then be identical. 
An additional uncertainty of this method lies in whether the measurement receiver is detecting the 
pilot channels of all relevant base stations and lo is thus calculated correctly. For this reason the 
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coverage statement should be based on measured lo as long as there is no traffic present in 
network. 
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